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Why	
  Task	
  Mapping?	
  
§  Increase	
  performance	
  

§  By	
  reducing	
  the	
  distance	
  a	
  message	
  travels,	
  its	
  latency	
  is	
  reduced	
  and	
  
it	
  has	
  less	
  chance	
  of	
  compe6ng	
  with	
  other	
  messages	
  for	
  bandwidth	
  

§  Minimize	
  volume	
  of	
  communica6on	
  =>	
  less	
  network	
  conges6on	
  
§  Net	
  bandwidth	
  /	
  compute	
  ra6o	
  geHng	
  much	
  worse,	
  scarce	
  resource	
  

§  Reduce	
  power	
  (i.e.,	
  the	
  performance	
  boeleneck)	
  
§  Data	
  movement	
  is	
  energy	
  intensive…	
  move	
  data	
  as	
  liele	
  as	
  possible	
  
§  Being	
  oblivious	
  to	
  task	
  mapping	
  drives	
  over-­‐engineering	
  of	
  network,	
  

driving	
  up	
  both	
  network	
  power	
  and	
  system	
  cost	
  

§  Put	
  pressure	
  on	
  system	
  soNware	
  developers	
  (like	
  me)	
  to	
  
implement	
  task	
  mapping	
  interfaces	
  (e.g.,	
  MPI	
  graph	
  comms)	
  

Task Mapping is Important both Intra-Node and Inter-Node 
3	
  



Scalable	
  Networks	
  Are	
  Sparse	
  
1997 – 2006  

SNL ASCI Red 

Intel 
Custom Network 

 
3-D Mesh 

 
38 x 32 x 2 

 
4510 Nodes 

 
3.15 TFLOPS/s 

2004 - 2012 
SNL Red Storm 

Cray XT3 
SeaStar 

 
3-D Mesh 

 
27 x 20 x 24 

 
12960 Nodes  

 
284 TFLOP/s 

 
 

2011 –  
ACES Cielo 

2013 – 
NERSC Edison 

Cray XE6 
Gemini 

 
3-D Torus 

 
16 x 12 x 24 

 
8944 Nodes 

 
1374 TFLOP/s 

 
 

Cray XC30 
Aries 

 
Dragonfly 

 
3-Levels: 16, 6, 14 

 
5192 Nodes 

 
2390 TFLOP/s 

4	
  



Total	
  BW	
  /	
  Injec6on	
  BW	
  Ra6os	
  
1997 – 2006  

SNL ASCI Red 

Intel 
 

Total Node Injection: 
 1443 GB/s 

 
Total Network (all links): 

4752 GB/s 
 

Ratio: 3.3 

2004 - 2012 
SNL Red Storm 

SeaStar / 3D Mesh 
 
 

22 TB/s 
 
 

357 TB/s 
 

16.2 

2011 –  
ACES Cielo 

2013 – 
NERSC Edison 

Gemini / 3D Torus 
 
 

55 TB/s 
 
 

281 TB/s 
 

5.1 

Aries / Dragonfly 
 
 

48 TB/s 
 
 

156 – 204 TB/s 
 

3.3 – 4.25 
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Example	
  Case	
  of	
  “Bad”	
  Task	
  Mapping	
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(a) Cielo (b) Chama

Figure 5.21. Performance of MiniGhost with MPI-rank
remapping on Cielo

to the interpretation of the message frequency and volume. The importance of D1 and D2

increases when the application is examined when executing on a dynamic mesh (i.e. Adaptive
Mesh Refinement, AMR). Future work calls for determining the predictive capabilities of
miniGhost as a static code with regard to CTH as an AMR code.

5.4 A Circuit Simulation code

Xyce is a circuit modeling tool 3 [21] developed at Sandia National Laboratories. It is
designed to perform transistor-level simulations for extremely large circuits on large-scale
parallel computing platforms of up to thousands of processors. Xyce is a traditional analog-
style circuit simulation tool, similar to the Berkeley SPICE program[25].

Circuit simulation adheres to a general flow, as shown in Fig. 5.24. The circuit, described
in a netlist file, is transformed via modified nodal analysis (MNA) into a set of nonlinear
di↵erential algebraic equations (DAEs)

dq(x(t))

dt
+ f(x(t)) = b(t), (5.6)

where x(t) 2 RN is the vector of circuit unknowns, q and f are functions representing the
dynamic and static circuit elements (respectively), and b(t) 2 RM is the input vector. For
any analysis type, the initial starting point is this set of DAEs. The numerical approach
employed to compute solutions to equation (5.6) is predicated by the analysis type.

3
http://xyce.sandia.gov/
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§  MiniGhost	
  is	
  a	
  proxy	
  
applica6on,	
  represents	
  CTH	
  
full	
  applica6on	
  

§  Explicit	
  6me-­‐stepping,	
  
synchronous	
  communica6on,	
  
27-­‐point	
  stencil	
  across	
  3-­‐D	
  
grid	
  

§  Dark	
  Red	
  Curve:	
  
Original	
  configura6on	
  	
  
scaled	
  poorly	
  aNer	
  16K	
  cores	
  
(1024	
  nodes,	
  512	
  Geminis)	
  

§  Light	
  Red	
  Curve:	
  
Reorder	
  MPI	
  rank	
  to	
  node	
  
mapping	
  to	
  reduce	
  off-­‐node	
  
communica6on	
  
Original:	
  1x1x16	
  ranks/node	
  
Reorder:	
  	
  2x2x4	
  	
  ranks/node	
  

Interconnect is a 3-D torus. 
Application talks to nearest 3-D neighbors. 

Should be match made in heaven, 
So what’s going on? 
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Wanted	
  to	
  Try	
  Libtopomap	
  on	
  Cray	
  
§  Task	
  mapping	
  library	
  created	
  by	
  Torsten	
  Hoefler	
  

§  Graph	
  based,	
  both	
  app	
  and	
  system	
  represented	
  as	
  a	
  graph	
  
§  Several	
  strategies	
  to	
  map	
  app	
  graph	
  to	
  system	
  graph	
  

Simple	
  greedy,	
  greedy	
  considering	
  routes,	
  recursive	
  bisec6on,	
  	
  
graph	
  similarity	
  (Reverse	
  Cuthill	
  McKee),	
  SCOTCH	
  adapter,	
  	
  
mul6core	
  par66oning,	
  simulated	
  annealing,	
  ..	
  

§  Had	
  to	
  generate	
  two	
  input	
  files	
  for	
  Libtopomap	
  
§  topomap.txt	
  

§  Ver6ces	
  are	
  hosts	
  and	
  routers,	
  edges	
  are	
  network	
  links	
  
§  Directed	
  graph,	
  edge	
  weights	
  represent	
  link	
  speed	
  

§  routes.txt	
  (Cray	
  specific	
  extension)	
  
§  X,Y,Z	
  coordinate	
  of	
  each	
  node	
  
§  Sta6c	
  route	
  from	
  each	
  source	
  host	
  to	
  each	
  des6na6on	
  host	
  

§  Run	
  some	
  scripts	
  to	
  generate	
  once	
  per	
  system,	
  use	
  many	
  6mes	
  

8	
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Task Mapping Example 

Task 
Mapping 
Algorithm 

(libtopomap) 

P0 

P2 

P1 

P3 

N0 N1 N2 N3 

N0 N1 N2 N3 

P0 P1 P3 P2 

Application Provides 
Communication Graph 

for an Existing Communicator 

System Topology Model 

New Communicator with 
Ranks Permuted 

(Application must move 
data around accordingly) 

Grey = Internal to MPI Library 
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Cray	
  Gemini	
  Interconnect	
  
§  Two	
  nodes	
  (hosts)	
  per	
  Gemini	
  chip	
  
§  Gemini	
  chip	
  consists	
  of:	
  

§  Two	
  network	
  interfaces	
  
§  48	
  port	
  router	
  (48	
  “6les”)	
  

§  Gemini	
  router	
  ports	
  organized	
  into	
  
groups	
  to	
  form	
  seven	
  logical	
  links	
  
§  X+,	
  X-­‐,	
  Y+,	
  Y-­‐,	
  Z+,	
  Z-­‐,	
  Host	
  
§  XYZ	
  links	
  connected	
  to	
  neighbor	
  

Gemini	
  chips	
  to	
  form	
  3-­‐D	
  torus	
  

§  Large	
  set	
  of	
  performance	
  counters	
  
§  NIC	
  and	
  router	
  counters	
  
§  Cray	
  Documenta6on	
  (S-­‐0025-­‐10):	
  

Using	
  the	
  Cray	
  Gemini	
  Hardware	
  
Counters	
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3D figure credit: Cray 

Gemini 

Host A 
Host B 

TABLE I: Mapping of tile counter names used in Cray’s Gemini documentation [2] to the names used in the GPCD interface.

Cray Documentation Name GPCD Library Name Description
GM TILE PERF VC0 PHIT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 0 Request virtual channel phit count.
GM TILE PERF VC1 PHIT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 1 Response virtual channel phit count

(phit = 3 bytes)
GM TILE PERF VC0 PKT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 2 Request virtual channel packet count
GM TILE PERF VC1 PKT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 3 Response virtual channel packet count

(packet = 8 to 32 phits)
GM TILE PERF INQ STALL:n:m GM n m TILE PERFORMANCE COUNTERS 4 Count of input stall cycles
GM TILE PERF CREDIT STALL:n:m GM n m TILE PERFORMANCE COUNTERS 5 Count of output stall cycles

(router operates at 800 MHz)

1 g p c d c o n t e x t t * c t x ;
2 gpcd mmr desc t * desc ;
3 g p c d m m r l i s t t *p ;
4 i n t i , j , k ;
5 char name [ 1 2 8 ] ;
6
7 / / Cr ea t e a c o u n t e r group , a l l t i l e c o u n t e r s
8 c t x = g p c d c r e a t e c o n t e x t ( ) ;
9 f o r ( i = 0 ; i < 6 ; i ++) / / TILE ROWS

10 f o r ( j = 0 ; j < 8 ; j ++) / / TILE COLS
11 f o r ( k = 0 ; k < 6 ; k ++) / / TILE COUNTERS
12 {
13 s p r i n t f ( name ,
14 ”GM %d %d TILE PERFORMANCE COUNTERS %d ” ,
15 i , j , k ) ;
16 desc = gpcd lookup mmr byname ( name ) ;
17 gpcd context add mmr ( c tx , de sc ) ;
18 }
19
20 / / Sample t h e t i l e c o u n t e r s
21 g p c d c o n t e x t r e a d m m r v a l s ( c t x ) ;
22
23 / / P r i n t t h e c o u n t e r v a l u e s
24 f o r ( p = c tx�> l i s t ; p ; p = p�>n e x t )
25 p r i n t f ( ” Coun te r %s : Value=%l u \n ” ,
26 p�>i tem�>name , p�>v a l u e ) ;

Fig. 1: Example user-level code showing how to sample and
print the six static counters from each of the Gemini’s 48 router
tiles using the native Gemini Performance Counter Daemon
interface.

This command requires administrative privileges to run. We
then copied the text file to a login node so that it was available
to our tools.

The rtr tool output contains one line per source tile to
destination tile connection (i.e., a connection between two
Gemini chips). Figure 2 shows an example of the tool’s output.
Each line includes the direction of the link (X+, X-, Y+, Y-
, Z+, Z-), the 3-D coordinate of the source and destination
Gemini, and the type of link (backplane, mezzanine, or cable).
Only information for the 40 network link tiles per Gemini is
included in the output. The eight tiles per Gemini that are not
included make up the host link that connects the Gemini to its
two hosts. For the 9216 node DOE/NNSA Cielo XE6 system,
the interconnect.txt file is about 14 MB and contains
184,320 lines (40 tiles * 4,608 Geminis = 184,320 lines).

Figure 3 graphically shows an example tile to logical
link mapping for a node in Cielo. Other large XE and XK
systems will use a similar mapping, with eight tiles being
assigned to links in the X and Z dimensions and four tiles

0
Z+

Backplane

1
Z+

Backplane

2
X+

Cable

3
X+

Cable

4
X-

Cable

5
X-

Cable

6
Z-

Cable

7
Z-

Cable

8
Z+

Backplane

9
Z+

Backplane

10
X+

Cable

11
X+

Cable

12
X-

Cable

13
X-

Cable

14
Z-

Cable

15
Z-

Cable

16
Z-

Cable

17
Z-

Cable

18
Z-

Cable
19
Host

20
Host

21
Z+

Backplane

22
Z+

Backplane

23
Z+

Backplane

24
X+

Cable

25
X+

Cable

26
Z-

Cable
27
Host

28
Host

29
Z+

Backplane

30
X-

Cable

31
X-

Cable

32
X+

Cable

33
X+

Cable

34
Y-

Cable
35
Host

36
Host

37
Y+

Mezzanine

38
X-

Cable

39
X-

Cable

40
Y-

Cable

41
Y-

Cable

42
Y-

Cable
43
Host

44
Host

45
Y+

Mezzanine

46
Y+

Mezzanine

47
Y+

Mezzanine

Fig. 3: Gemini tile to logical link mapping for the first node
defined in the interconnect.txt for Cielo. Links in the
X dimension are shown in orange, Y links in green, Z links
in blue, and host links in yellow.

being assigned to Y dimension links. In general, it is not
possible to assume that the mapping is identical on all nodes
of a given system because, at a minimum, the direction of
a given tile will be different on the source and destination
Geminis. For example, in Figure 3 tile 0 is assigned to the
Z+ link. This tile connects to tile 0 on the destination Gemini,
and is therefore associated with the Z- link. The link type
assigned to each Gemini also changes from node to node,
depending on the Gemini’s position in the 3-D torus. Our tools
parse the full interconnect.txt file so these differences
are automatically picked up without having to make any
assumptions.

Table II lists the bandwidth of each link type. This is useful
for calculating the aggregate bandwidth of a logical link. For
example, in Figure 3 there are eight tiles making up the X+
logical link, each using a cable link. The aggregate bandwidth
of the link is therefore 8⇤1.17 = 9.4 GBytes/s (uni-directional,
18.8 GB/s bi-directional). For large XE and XK systems, all
X links are cable based with bandwidth 9.4 GB/s. Links in the
Y dimension alternate every other between mezzanine (within
a board) and cable (between boards) links, with bandwidths
4 ⇤ 2.34 = 9.4 GB/s and 4 ⇤ 1.17 = 4.7 GB/s, respectively.
Links in the Z dimension are mostly backplane links (within
a cage) with bandwidth 8 ⇤ 1.88 = 15 GB/s. Every eighth
link in the Z dimension is a cable link (between cages) with

NIC A NIC B 

x 

Host A Host B 

Z+ Z- 

X+ X- 

Y- Y+ 



Calcula6ng	
  Edge	
  Weights	
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TABLE I: Mapping of tile counter names used in Cray’s Gemini documentation [2] to the names used in the GPCD interface.

Cray Documentation Name GPCD Library Name Description
GM TILE PERF VC0 PHIT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 0 Request virtual channel phit count.
GM TILE PERF VC1 PHIT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 1 Response virtual channel phit count

(phit = 3 bytes)
GM TILE PERF VC0 PKT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 2 Request virtual channel packet count
GM TILE PERF VC1 PKT CNT:n:m GM n m TILE PERFORMANCE COUNTERS 3 Response virtual channel packet count

(packet = 8 to 32 phits)
GM TILE PERF INQ STALL:n:m GM n m TILE PERFORMANCE COUNTERS 4 Count of input stall cycles
GM TILE PERF CREDIT STALL:n:m GM n m TILE PERFORMANCE COUNTERS 5 Count of output stall cycles

(router operates at 800 MHz)

1 g p c d c o n t e x t t * c t x ;
2 gpcd mmr desc t * desc ;
3 g p c d m m r l i s t t *p ;
4 i n t i , j , k ;
5 char name [ 1 2 8 ] ;
6
7 / / Cr e a t e a c o u n t e r group , a l l t i l e c o u n t e r s
8 c t x = g p c d c r e a t e c o n t e x t ( ) ;
9 f o r ( i = 0 ; i < 6 ; i ++) / / TILE ROWS

10 f o r ( j = 0 ; j < 8 ; j ++) / / TILE COLS
11 f o r ( k = 0 ; k < 6 ; k ++) / / TILE COUNTERS
12 {
13 s p r i n t f ( name ,
14 ”GM %d %d TILE PERFORMANCE COUNTERS %d ” ,
15 i , j , k ) ;
16 desc = gpcd lookup mmr byname ( name ) ;
17 gpcd context add mmr ( c tx , de sc ) ;
18 }
19
20 / / Sample t h e t i l e c o u n t e r s
21 g p c d c o n t e x t r e a d m m r v a l s ( c t x ) ;
22
23 / / P r i n t t h e c o u n t e r v a l u e s
24 f o r ( p = c tx�> l i s t ; p ; p = p�>n e x t )
25 p r i n t f ( ” Coun te r %s : Value=%l u \n ” ,
26 p�>i tem�>name , p�>v a l u e ) ;

Fig. 1: Example user-level code showing how to sample and
print the six static counters from each of the Gemini’s 48 router
tiles using the native Gemini Performance Counter Daemon
interface.

This command requires administrative privileges to run. We
then copied the text file to a login node so that it was available
to our tools.

The rtr tool output contains one line per source tile to
destination tile connection (i.e., a connection between two
Gemini chips). Figure 2 shows an example of the tool’s output.
Each line includes the direction of the link (X+, X-, Y+, Y-
, Z+, Z-), the 3-D coordinate of the source and destination
Gemini, and the type of link (backplane, mezzanine, or cable).
Only information for the 40 network link tiles per Gemini is
included in the output. The eight tiles per Gemini that are not
included make up the host link that connects the Gemini to its
two hosts. For the 9216 node DOE/NNSA Cielo XE6 system,
the interconnect.txt file is about 14 MB and contains
184,320 lines (40 tiles * 4,608 Geminis = 184,320 lines).

Figure 3 graphically shows an example tile to logical
link mapping for a node in Cielo. Other large XE and XK
systems will use a similar mapping, with eight tiles being
assigned to links in the X and Z dimensions and four tiles
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Fig. 3: Gemini tile to logical link mapping for the first node
defined in the interconnect.txt for Cielo. Links in the
X dimension are shown in orange, Y links in green, Z links
in blue, and host links in yellow.

being assigned to Y dimension links. In general, it is not
possible to assume that the mapping is identical on all nodes
of a given system because, at a minimum, the direction of
a given tile will be different on the source and destination
Geminis. For example, in Figure 3 tile 0 is assigned to the
Z+ link. This tile connects to tile 0 on the destination Gemini,
and is therefore associated with the Z- link. The link type
assigned to each Gemini also changes from node to node,
depending on the Gemini’s position in the 3-D torus. Our tools
parse the full interconnect.txt file so these differences
are automatically picked up without having to make any
assumptions.

Table II lists the bandwidth of each link type. This is useful
for calculating the aggregate bandwidth of a logical link. For
example, in Figure 3 there are eight tiles making up the X+
logical link, each using a cable link. The aggregate bandwidth
of the link is therefore 8⇤1.17 = 9.4 GBytes/s (uni-directional,
18.8 GB/s bi-directional). For large XE and XK systems, all
X links are cable based with bandwidth 9.4 GB/s. Links in the
Y dimension alternate every other between mezzanine (within
a board) and cable (between boards) links, with bandwidths
4 ⇤ 2.34 = 9.4 GB/s and 4 ⇤ 1.17 = 4.7 GB/s, respectively.
Links in the Z dimension are mostly backplane links (within
a cage) with bandwidth 8 ⇤ 1.88 = 15 GB/s. Every eighth
link in the Z dimension is a cable link (between cages) with

c0-0c0s0g0l00[(0,0,0)] Z+ -> c0-0c0s1g0l32[(0,0,1)] LinkType: backplane
c0-0c0s0g0l01[(0,0,0)] Z+ -> c0-0c0s1g0l21[(0,0,1)] LinkType: backplane
c0-0c0s0g0l02[(0,0,0)] X+ -> c1-0c0s0g0l02[(1,0,0)] LinkType: cable11x
c0-0c0s0g0l03[(0,0,0)] X+ -> c1-0c0s0g0l03[(1,0,0)] LinkType: cable11x
c0-0c0s0g0l04[(0,0,0)] X- -> c2-0c0s0g0l41[(15,0,0)] LinkType: cable18x
c0-0c0s0g0l05[(0,0,0)] X- -> c2-0c0s0g0l31[(15,0,0)] LinkType: cable18x
c0-0c0s0g0l06[(0,0,0)] Z- -> c0-0c2s7g0l26[(0,0,23)] LinkType: cable15z
c0-0c0s0g0l07[(0,0,0)] Z- -> c0-0c2s7g0l35[(0,0,23)] LinkType: cable15z

Fig. 2: First 8 lines of the interconnect.txt file for Cielo (16x12x24 topology).

TABLE II: Tile link type to bandwidth conversions.

Link Type Bandwidth
Mezzanine 2.34 GB/s
Backplane 1.88 GB/s
Cable 1.17 GB/s
Host 1.33 GB/s (est.)

bandwidth 8 ⇤ 1.17 = 9.4 GB/s. As can be seen, there is a
fairly heterogeneous distribution of interconnect link speeds
on Gemini based systems.

IV. GATHERING JOB-WIDE INFORMATION

Once we understood how to aggregate the tile counters
into logical links, our next step was to develop a higher-
level MPI library to aggregate the counter information across
an entire application run. This library, which we named the
Gemini monitor library (libgm.a), gets linked with the target
application to be profiled and provides a simple API for
sampling and printing application-wide counter information.
Currently there are three API calls:

// Initialize the library
gemini_init_state(comm, &state)

// Sample the gemini counters
gemini_read_counters(comm, &state)

// Output delta of last two samples
gemini_print_counters(comm, &state)

A typical usage scenario would be to surround a code
region of interest with calls gemini_read_counters()
and then call gemini_print_counters() to output the
counter difference from the start to the end of the region.

Internally, the library forms an MPI communicator with one
process per Gemini, which we call the leader process. Reading
the counters from multiple processes per Gemini would be
redundant and add unnecessary overhead. Each Gemini leader
process parses the interconnect.txt information (rank
0 broadcasts the file to all Gemini leader processes) to find its
own tile to logical link mapping. No information about other
Geminis is retained. When an application requests that the
counters be sampled, the individual tile counters are aggregated
to logical link counters, as described in Section III. Each
Gemini leader stores multiple logical link counter samples.

When the application requests that the counters be output,
each Gemini leader calculates the delta between the last two
counter samples and sends the result to rank 0 using an
MPI_Gather() collective. Rank 0 then outputs the aggre-
gated counter information to a text file.

Figure 4 shows an example of the library’s output. The first
two comment lines are included for convenience, and are not
normally included in the output. Each Gemini block begins
with a line indicating the Gemini’s coordinate in the 3-D torus
and is followed by up to seven lines, one per logical link
(including the host link, HH). Each logical link line includes
the direction of the link, the coordinate of the Gemini at the
remote end of the link, the speed of the link in Gbytes/s,
and the values of the six fixed tile counters for the link (the
delta between the last two samples). To allow for maximum
flexibility for post processing, we chose to output the full six
counters for each of the seven logical links on each Gemini,
rather than trying to condense or summarize the information
within the library.

We have tested the library on up to 131,072 process runs,
comprised of 8,192 nodes running 16 processes per node. We
found that the Gemini leader process communicator size is
typically slightly larger than half the number of nodes for
a given run, due to the Cray node allocator sometimes only
allocating one of a Gemini’s two nodes to the job (e.g., for
all of the 131,072 process runs, the same 4,118 Geminis
were used). The memory overhead of the library on non-
rank 0 processes is very small, since only local information
is stored. The rank 0 process requires some buffer space to
gather information from all Gemini leader processes. This
overhead grows linearly with the number of Geminis and is
approximately 6 MBytes for a hypothetical system with 10,000
Geminis.

V. SONAR EXPERIMENTS

We performed a number of simple tests to better understand
the operation of the Gemini tile counters. The basic theme of
these experiments was to send out a known “ping”, such as
a single MPI message of known size, and then inspect the
tile counters to determine what happened – the “pong” echo.
These experiments gave us a clear picture of what was actually
transmitted on the wire for put and get transactions, revealed
the directionality of the tile counters, helped us understand the
routing scheme used on our system, and allowed us to measure
the bandwidth efficiency of the Gemini network for MPI point-
to-point messages. These topics are discussed in the following
sections.

X Links, all: 
 8 * 1.17 = 9.4 GB/s 

 
Y Links, alternate every other: 

 4 * 2.34 = 9.4 GB/s (mezz) 
 4 * 1.17 = 4.7 GB/s 

 
Z Links, every eighth slower: 

 8 * 1.88 = 15 GB/s (backpl) 
 8 * 1.17 = 9.4 GB/s 

Unidirectional Bandwidths 

•  Get map of each Gemini’s 48 tiles from Cray database 
•  Link speeds are heterogeneous (!) 

Pedretti et al.: Using the Gemini Performance Counters, Cray Users' Group, 2013. 
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4 Nodes 
Per Board 

2 Gemini’s 
per Board 

1. Board = 1 x 2 x 1 

8 Boards per Cage 

2. Cage = 1 x 2 x 8 

3 Cages Per Cabinet 

3. Cabinet = 1 x 2 x 24 
§  LANL	
  /	
  SNL	
  Cielo	
  XE6	
  

96	
  Cabinets	
  (16	
  x	
  6	
  grid)	
  
16	
  x	
  12	
  x	
  24	
  Torus	
  
4608	
  Gemini	
  chips	
  
9216	
  Nodes	
  (8944	
  Compute)	
  

§  NCSA	
  Blue	
  Waters	
  XE/XK	
  
288	
  Cabinets	
  (24	
  x	
  12	
  grid)	
  
24	
  x	
  24	
  x	
  24	
  Torus	
  
13824	
  Gemini	
  chips	
  
27648	
  Nodes	
  (26864	
  Comp.)	
  

§  ORNL	
  Titan	
  XK7	
  
200	
  Cabinets	
  (25	
  x	
  8	
  grid)	
  
25	
  x	
  16	
  x	
  24	
  Torus	
  
9600	
  Gemini	
  chips	
  
19200	
  Nodes	
  (18688	
  Comp.)	
  



Determining	
  Sta6c	
  Rou6ng	
  Scheme	
  
§  Performed	
  experiments	
  to	
  verify	
  empirical	
  counters	
  matched	
  

routes	
  output	
  by	
  “rtr	
  -­‐-­‐logical-­‐routes”	
  command	
  
§  Sta6c	
  rou6ng	
  

§  All	
  packets	
  from	
  a	
  given	
  src	
  to	
  dst	
  always	
  travels	
  the	
  same	
  path	
  
§  The	
  path	
  from	
  (src	
  to	
  dst)	
  not	
  the	
  same	
  as	
  (dst	
  to	
  src)	
  in	
  general	
  

§  Request	
  and	
  response	
  packets	
  follow	
  different	
  paths	
  

§  All	
  routes	
  completely	
  traverse	
  the	
  X	
  dimension,	
  then	
  
completely	
  traverse	
  Y	
  dimension,	
  then	
  Z	
  last	
  
§  More	
  flexible	
  rou6ng	
  if	
  there	
  are	
  link	
  failures,	
  didn’t	
  verify	
  
§  Should	
  consider	
  PUT	
  ACK	
  +	
  GET	
  REPLY	
  backflows	
  in	
  system	
  models	
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num: 13824w!
# Mapping of each vertex to hostname or gemini name!
0 nid00000        # host 0!
1 nid00001        # host 1!
2 nid00002        # host 2!
3 nid00004        # host 4!
[…]!
9216 c0-0c0s0g0   # gemini 0!
9217 c0-0c0s1g0   # gemini 1!
[…]!
# Start of adjacency lists, one per vertex!
0 9216(104)       # host 0 to gemini 0 link!
1 9216(104)       #  2nd host gemini 0!
2 9217(104)       # host 2 to gemini 1 link!
3 9217(104)       #  2nd host gemini 1!
[…]!
# Start of gemini adjacency lists, each has 2 host edges and 6 net edges!
9216 0(104) 1(104) 9217(150) 9239(93) 9263(93) 9503(46) 9791(93) 13823(93)!
9217 2(104) 3(104) 9216(150) 9218(150) 9262(93) 9502(46) 9790(93) 13822(93)!
[…]!

•  9216 Nodes, 4608 Geminis, 13824 Vertices, 46080 edges (27648 net edges) 
•  Net edge Hist.: 4608 4.6 GB/s (Y), 14976 9.3 GB/s (XYZ), 8064 15 GB/s (Z) 
•  746 KB file 
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§  MiniGhost	
  configura6on	
  
§  Bulk	
  synchronous	
  mode	
  
§  27-­‐point	
  stencil	
  3-­‐D	
  grid	
  
§  Weak	
  scaling	
  mode	
  
§  Avg.	
  of	
  5	
  produc6on	
  runs,	
  

error	
  bars	
  stddev	
  

§  S6ll	
  analyzing	
  Libtopomap	
  
results,	
  debugging	
  ongoing	
  

§  Observa6ons	
  
§  Reordering	
  for	
  mul6core	
  important,	
  s6ll	
  up6cking	
  (“Group”)	
  

§  Minimize	
  surface	
  area	
  by	
  puHng	
  2x2x4	
  subprob	
  per	
  node	
  vs.	
  1x1x16	
  

§  Leveraging	
  geometric	
  informa6on	
  pays	
  off	
  in	
  this	
  case	
  (Mehmet’s	
  talk)	
  
§  But,	
  not	
  all	
  applica6ons	
  will	
  have	
  geometric	
  informa6on	
  

§  Libtopomap’s	
  recursive	
  bisec6on	
  strategy	
  is	
  its	
  best	
  in	
  this	
  case,	
  similar	
  to	
  
reordering	
  for	
  mul6core	
  (LT	
  uses	
  Parme6s	
  internally	
  to	
  do	
  mul6core	
  ordering)	
  

§  Greedy	
  with	
  rou6ng	
  is	
  slightly	
  beeer	
  than	
  without	
  
§  Likely	
  something	
  wrong	
  with	
  Greedy	
  strategy	
  on	
  Cray,	
  s6ll	
  inves6ga6ng	
  

Maximum Communication Time 

PPN=16 
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# Procs Avg 
Hops 

Modeled 
Max Congestion 

Measured  
Max Stall Count 

8K .65 .47 .91 

16K .72 .61 .78 

32K .92 .92 .96 

64K .86 .86 .91 

Overall .83 .86 .92 

•  Used	
  Cray	
  Gemini’s	
  perf.	
  
counters	
  to	
  measure	
  network	
  
conges6on	
  empirically	
  

•  Stall	
  counter	
  incremented	
  
when	
  packet	
  can	
  not	
  move	
  
towards	
  des6na6on	
  	
  

•  Maximum	
  stall	
  count	
  among	
  
all	
  links	
  (X+/-­‐,Y+/-­‐,	
  Z+/-­‐,	
  Host)	
  

•  Max	
  stall	
  metric	
  found	
  to	
  have	
  
best	
  correla6on	
  to	
  max	
  comm	
  
6me,	
  modeled	
  (calculated)	
  
max	
  conges6on	
  slightly	
  worse	
  

•  Interference	
  from	
  other	
  jobs	
  	
  
•  All	
  messages	
  are	
  not	
  

transferred	
  simultaneously	
  
•  Heterogeneous	
  link	
  speeds	
  	
  

in	
  the	
  network,	
  for	
  which	
  
model	
  does	
  not	
  consider	
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Pedretti et al.: Using the Gemini Performance Counters, Cray Users' Group, 2013. 
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x 
NIC A 

Host A 

NIC B 

Host B 

NIC C 

Host C 

NIC D 

Host D 

x 

Green 
To 15 Other 

Blades in 
Chassis, 

1 Tile Each Link 
(5.25 GB/s) 

Black 
To 5 Other 

Chassis in Group, 
3 Tiles Each Link 

(3 x 5.25 = 15.75 GB/s) 

Blue 
To Other 
Groups, 

10 Global Tiles 
(10 x 4.7 GB/s) 

Cray Aries Blade 1. Chassis 

16 Blades Per Chassis 
16 Aries, 64 Nodes 

All-to-all Electrical Backplane 

2. Group 

6 Chassis Per Group 
96 Aries, 384 Nodes 

Electrical Cables, 2-D All-to-All 

3. Global 

G0 G1 G2 G3 G4 

Up to 241 Groups 
Up to 23136 Aries, 92544 Nodes 

Optical Cables, All-to-All between Groups  

Cray	
  Aries	
  Interconnect	
  

Gemini:  2 nodes,   62.9 GB/s routing bw 
Aries  4 nodes, 204.5 GB/s routing bw 
 
Aries has advanced adaptive routing 
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§  Ran	
  with	
  16	
  cores	
  per	
  node	
  
§  8192	
  procs	
  =	
  512	
  nodes	
  =	
  128	
  Aries	
  chips	
  
§  For	
  Geom,	
  treat	
  Dragonfly	
  as	
  a	
  14	
  x	
  6	
  x	
  16	
  torus	
  

§  14	
  groups,	
  each	
  group	
  6	
  by	
  16	
  2-­‐D	
  all-­‐to-­‐all	
  
§  Geom	
  doesn’t	
  improve	
  on	
  mul6core	
  grouping,	
  random	
  bad	
  



Conclusions	
  

§  Task	
  mapping	
  is	
  important	
  
§  Devised	
  method	
  for	
  building	
  graph	
  representa6on	
  of	
  Cray	
  

Gemini-­‐based	
  systems	
  
§  Accurate	
  edge	
  weights	
  
§  Exact	
  rou6ng	
  informa6on	
  

§  Demonstrated	
  benefit	
  for	
  MiniGhost	
  
§  Simple	
  process	
  grouping	
  for	
  mul6core	
  has	
  big	
  payoff	
  
§  3-­‐D	
  mesh	
  app	
  on	
  3-­‐D	
  torus	
  network	
  should	
  be	
  a	
  good	
  match	
  
§  Future	
  work	
  to	
  examine	
  irregular	
  applica6ons	
  

§  Cray	
  Aries	
  /	
  XC30	
  may	
  be	
  less	
  sensi6ve	
  to	
  task	
  mapping	
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